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(54) SEMICONDUCTOR STORAGE DEVICE

(57)  The semiconductor memory device in accord-
ance with the present invention allows evaluation of
input/output terminal dependency of noise characteris-
tic at the time of data output, it has a normal operation
mode and a test mode, and includes a plurality of output

buffers (11, 13, 15, 36) and selecting means (22, 32, 34)
for selectively activating at least one output buffer
among the plurality of output buffers in the test mode.
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Description

Technical Field

[0001] The present invention relates to a semicon-
ductor memory device and, more particularly, to a sem-
iconductor memory device having a circuit for evaluating
noise characteristic at the time of data output.

Background Art

[0002] Fig. 11 shows circuit configuration of output
buffers 11, 13 and 15 of a conventional semiconductor
memory device, and Fig. 12 shows a concept of a pat-
tern layout of the output buffers.

[0003] As shown in Fig. 11, the output buffer is acti-
vated when an output control signal ¢ activated and at a
high (H) level is input to NAND circuits 4 and 6.

[0004] In a semiconductor memory device having a
plurality of input/output terminals 2 such as shown in
Fig. 12, all output buffers are activated in normal opera-
tion, and data is output from every input/output terminal
2.

[0005] Here, N channel MOS transistors TN1
included in respective output buffers 11, 13 and 15 are
connected together to one Vcc line 1 as shown in Fig.
12, and therefore in a so-called multi-bit product having
a large number of input/output terminals 2, there is a
problem of considerable noise generated at the power
supply voltage Vcc at the time of data output. Therefore,
it is necessary to minimize the influence of noise. In that
case, what input/output terminal is susceptible to noise
generation at the time of data output must be inspected.
In the conventional semiconductor memory device,
however, there is not any circuit provided for inspecting
output terminal dependency of noise at the time of data
output.

Disclosure of the Invention

[0006] An object of the present invention is to pro-
vide a semiconductor memory device which is capable
of evaluating noise characteristic generated at the time
of data output.

[0007] The object of the present invention is
attained by providing a semiconductor memory device
having a normal operation mode and a test mode,
including a plurality of output buffers and selecting
means for selecting and activating at least one output
buffer of said plurality of output buffers in the test mode.
[0008] A main advantage of the present invention is
that it is possible to evaluate input/output terminal
dependency of the noise generated at the time of data
output, as an output buffer is selectively activated
among a plurality output buffers in the test mode.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

Fig. 1 shows a concept of best mode for implement-
ing the present invention.

Fig. 2 is a timing chart showing an operation of the
semiconductor memory device shown in Fig. 1.
Fig. 3 shows a configuration of the semiconductor
memory device in accordance with a first embodi-
ment of the present invention.

Fig. 4 is a timing chart showing an operation of the
semiconductor memory device shown in Fig. 3.
Fig. 5 shows a configuration of a semiconductor
memory device in accordance with a second
embodiment of the present invention.

Fig. 6 is a timing chart showing an operation of the
semiconductor memory device shown in Fig. 5.
Fig. 7 is a diagram of circuit configuration of an out-
put buffer shown in Fig. 5.

Fig. 8 is a timing chart showing an operation of the
output buffer shown in Fig. 7.

Fig. 9 shows a configuration of a semiconductor
memory device in accordance with a third embodi-
ment of the present invention.

Fig. 10 is a timing chart showing an operation of the
semiconductor memory device shown in Fig. 9.
Fig. 11 shows a configuration of an output buffer in
a conventional semiconductor memory device.

Fig. 12 shows a pattern layout of output buffers in
the conventional semiconductor memory device.

Best Mode for Implementing the Invention

[0010] The semiconductor memory device in
accordance with the present invention will be described
in detail with reference to the figures. In the figures,
same reference characters denote the same or corre-
sponding portions.

[First Embodiment]

[0011] Referring to Fig. 1, the feature of the semi-
conductor memory device in accordance with the
present invention can be represented by a special test
mode circuit 22 including input/output terminals 16 to
20, CMOSNOR circuits 24, 26 and 28 connected to spe-
cial test mode circuit 22, output buffers 11, 13 and 15
connected to output terminals of CMOSNOR circuits
24, 26 and 28, and I/O terminals 2 connected to output
buffers 11, 13 and 15, wherein Di (i=1 ~ n ) repre-
sents an output signal from special test mode circuit 22,
Dio (i =1 =n) represents an output enable signal, and
02 represents an output control signal.

[0012] The operation of the semiconductor memory
device shown in Fig. 1 will be described with reference
to the timing chart of Fig. 2. In normal operation, output
signal Di (i=1 ~ n ) is held at a GND level (hereinafter



3 EP 1 008 992 A1 4

also referred to as "L" level), as shown in Fig. 2 (e).
Therefore, in normal operation, when output control sig-
nal 2 which is activated and at the L level shown in Fig.
2 (d) is input to CMOSNOR circuits 24, 26 and 28 (nor-
mal reading), output buffers 11, 13 and 15 are activated
and data is output from every 1/O terminal 2.

[0013] Next, different from the normal operation,
when the semiconductor memory device enters a mode
for evaluating characteristic of itself (hereinafter also
referred to as "special test mode"), output signal Di
(i=1~n) of special test mode circuit 22 makes a
transition from L level to H level as shown in Fig. 2 (e).
In this case, an output enable signal Dio (i=1~n)is
output without fail from CMOSNOR circuits 24, 26, and
28 as shown in Fig. 2(f) and, even if output control signal
02 is activated to L level, output buffers 11, 13 and 15
are not activated, so that data is not output from 1/O ter-
minal 2, as shown in Fig. 2(g). Here, however, by acti-
vating an arbitrary Di among output signals Di
(i=1~n)to the L level in the special test mode, it is
possible to activate only the corresponding output buffer
and to have only the corresponding I/0 terminal 2 out-
put data.

[0014] More specifically, the present invention
attains an effect that I/O terminal dependency of noise
characteristic at the time of data output can be evalu-
ated, as data can be output from only an arbitrary 1/0
terminal in the special test mode.

[0015] Fig. 3 shows a specific configuration of the
semiconductor memory device in accordance with the
first embodiment of the present invention. Referring to
Fig. 3, the semiconductor memory device includes a
special test mode control circuit 30 including input ter-
minals 16 to 21, an operation 1/0O determining circuit 32
connected to special test mode control circuit 30,
CMOSNOR circuits 24, 26 and 28 connected to opera-
tion 1/0 determining circuit 32, output buffers 11, 13 and
15 connected in one to one correspondence to output
terminals of CMOSNOR circuits 24, 26 and 28, respec-
tively, and I/O terminals 2 connected in one to one cor-

respondence to output buffers 11, 13 and 15,
respectively.
[0016] Here, Dio (i=1 ~ n ) represents an output

enable signal, Di (i=1 ~ n ) represents an output sig-
nal from operation I/O determining circuit 32, ¢2 repre-
sents an output control signal, and ¢$3 represents a
special test mode entry signal.

[0017] The operation of the semiconductor memory
device in accordance with the first embodiment will be
described with reference to the timing chart of Fig. 4. In
Fig. 4 and the following, the special test mode entry
period represents a time period from switching of the
semiconductor memory device from the normal opera-
tion mode to the special test mode until a time point T.
[0018] In the special test mode period, as shown in
Fig. 4(h), special test mode entry signal ¢63 output from
special test mode control circuit 30 attains to the L level.
In this case, operation 1/0 determining circuit 32 does
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not operate and output signals Di (i=1 ~ n ) all attain
to the L level, as shown in Fig. 4(i). When output signals
Di(i=1 ~ n)areall at the L level, all output buffers 11,
13 and 15 are activated, and therefore it is possible for
all I/O terminals 2 to output data.

[0019] By contrast, referring to (a), (b) and (c) of
Fig. 4, when a write enable signal /W and a column
address strobe signal /CAS input to special test mode
control circuit 30 are activated to the L level before acti-
vation to the L level of a row address strobe signal /RAS
which is also input to special test mode control circuit 30
(hereinafter also referred to as "WCBR"), the semicon-
ductor memory device enters the special test mode. In
the special test mode, special test mode entry signal ¢63
output from special test mode control circuit 30 attains
to the H level as shown in Fig. 4(h) and operation 1/O
determining circuit 32 operates. Operation I/O deter-
mining circuit 32 sets an arbitrary output signal Di from
L level to H level. Here, that CMOSNOR circuit which
takes in the H level output signal Di outputs the output
enable signal Dio at the L level without fail, and there-
fore the output buffer which received the L level output
enable signal Dio is set to an output disable state.
[0020] In other words, data is output from the /O
terminal 2 which corresponds to the L level output signal
Di.

[0021] In the following, the method by which special
test mode control circuit 30 and operation 1/0 determin-
ing circuit 32 select an output buffer to be activated, will
be described.

[0022] First, special test mode control circuit 30
detects an input level of an address signal Ai
(i=0~n) input to input terminals 19 to 21 at the
WCBR timing.

[0023] When it is detected that the input level of
address signal Ai is sufficiently higher than Vqymnax
(hereinafter also referred to as "OverVcc") as shown in
Fig. 4(f), an H level signal ai is output to operation 1/O
determining circuit 32 as shown in Fig. 4(g). In this man-
ner, oepration I/O determining circuit 32 determines an
output buffer to be operated based on the combination
of the signals ai having the H level, sets only the corre-
sponding output signal Di to the L level and, as shown in
Fig. 4(i), and sets other output signals Dj (j # i) to the H
level. When the input level of address signal Ai is lower
than OverVcc, the signal ai is set to L level.

[0024] As described above, the semiconductor
memory device in accordance with the first embodiment
of the present invention has such a configuration that
allows selection of 1/O terminal 2 to be operated in the
special test mode dependent on combination of input
levels of address signals Ai input to input terminals 19 to
21 and the special test mode is entered, and therefore
data can be output from an arbitrary 1/O terminal 2, and
hence the present invention is effective in that I/0 termi-
nal dependency of noise characteristic at the time of
data output can be evaluated.
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[Second Embodiment]

[0025] The semiconductor memory device in
accordance with the second embodiment of the present
invention has the normal operation mode and the spe-
cial test mode similar to the semiconductor memory
device in accordance with the first embodiment
described above, and it includes, as shown in Fig. 5, I/O
terminals 2, an operation 1/O determining circuit 34 con-
nected to I/O terminals 2, CMOSNOR circuits 24, 26
and 28 connected to operation I/O determining circuit
34, and output buffers 36 connected in one to one cor-
respondence to CMOSNOR circuits 24, 26, and 28,
respectively. In Fig. 5, ¢3 represents the special test
mode entry signal, Di (i =1 ~ n ) represents an output
signal from operation I/O determining circuit 34, $2 rep-
resents an output control signal, Dio (i=1 ~ n ) repre-
sents an output enable signal, and ¢4 and ¢5 represent
signals for changing size of output transistors.

[0026] In the following, the operation of the semi-
conductor memory device in accordance with the sec-
ond embodiment of the present invention will be
described with reference to the timing chart of Fig. 6.
[0027] In the special test mode entry period for
entering the special test mode, the special test mode
entry signal ¢3 at the L level shown in Fig. 6(f) is input to
operation I/O determining circuit 34, and therefore oper-
ation 1/0 determining circuit 34 does not operate, and
the output signals Di (i = 1 ~ n ) thereof all attain to the
L level. Therefore, data output is controlled by output
control signal ¢2, and when output control signal ¢2 is
activated to the L level, all output buffers 36 are acti-
vated and data are output simultaneously from all 1/O
terminals 2.

[0028] By contrast, when the special test mode is
entered, a control circuit (not shown) similar to the spe-
cial test mode control circuit 30 shown in Fig. 3 provides
the special test mode entry signal ¢3 at the H level to
operation I/O determining circuit 34 as shown in Fig.
6(f), and operation I/O determining circuit 34 operates.
[0029] Operation 1/O determining circuit 34 detects
a signal level input to the I/O terminal 2 at the time of
entrance to the special test mode, and selects the 1/O
terminal 2 from which data is to be output.

[0030] When data I/Oi input to 1/0 terminal 2 at the
WCBR timing only is at the H level and other data 1/02
to 1/0n are all at the L level, then the output signal Di at
the L level and the output signals Di (| # i) at the H level
shown in Fig. 6(g) are output from operation 1/O deter-
mining circuit 34, and only the data I/Oi shown in Fig.
6(h) is output from 1/O terminal 2. In this case, it is also
possible to output data simultaneously from an arbitrary
number of 1/O terminals 2.

[0031] As described above, in the semiconductor
memory device described above, dependent on the
level of data input to I/O terminals 2 when the special
test mode is entered, it is possible to select an I/O termi-
nal 2 to be operated in the special test mode. Therefore,
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the invention provides an effect that 1/O terminal
dependency of noise characteristic at the time of data
output can be evaluated.

[0032] Specific configuration of output buffer 36 is
shown in Fig. 7. Referring to Fig. 7, output buffer 36
includes CMOSNAND circuits 4 and 6, CMOS inverters
7, 8 and 9, a boosting circuit 5, NMOS transistors TN3
to TN12, power supply nodes 1, ground nodes 3, output
nodes N and, though not shown in the figure, the output
nodes N are connected to the same 1/O terminal.
[0033] The operation of the output buffer will be
described with reference to the timing chart of Fig. 8.
[0034] In the special test mode entry period, the
signal ¢4 output from operation 1/0 determining circuit
34 is always kept at the H (boosted) level, as shown in
Fig. 8(h). Therefore, NMOS transistors TN9 and TN10
are turned on, and output buffer 36 comes to be config-
ured by two output stages consisting of NMOS transis-
tors TN3 to TN6.

[0035] In the special test mode, in addition to the
signal ¢4, the signal $5 output from operation 1/O deter-
mining circuit 34 attains to the H (boosted) level as
shown in Fig. 8(i), so that NMOS transistors TN11 and
TN12 additionally turn on, and output buffer 36 comes
to be configured by three output stages consisting of
NMOS transistors TN3 to TN8. Accordingly, the so-
called size of the output transistors is increased.

[0036] When the signal ¢4 attains to the L level, the
output buffer 36 comes to be configured by one output
stage consisting of NMOS transistors TN3 and TN4,
and therefore the size of the output transistors is
reduced.

[0037] In this manner, by controlling signals ¢4 and
05 output from operation I/O determining circuit 32, it is
possible to change the size of the output transistors
included in output buffer 36. Here, signals ¢4 and ¢5 are
controlled by detecting levels of data input to I/O termi-
nals when the special test mode is entered. When the
input level of data I/Oi is at the H level when the special
test mode is entered as shown in Fig. 8(g), for example,
then in response, the level of the signal 5 shown in Fig.
8(i) is changed to H, and the size of the output transis-
tors in the special test mode is changed. This enables
change in the amount of current at the time of data out-
put.

[0038] As described above, in the semiconductor
memory device in accordance with the second embodi-
ment of the present invention, when an arbitrary 1/O ter-
minal is selectively operated in the special test mode,
the size of the output transistors can be changed simul-
taneously. Therefore the present invention provides an
effect that both I/O terminal dependency and output cur-
rent dependency of noise characteristic at the time of
data output can be evaluated.

[Third Embodiment]

[0039] A semiconductor memory device in accord-
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ance with the third embodiment of the present invention
shown in Fig. 9 has a configuration similar to the semi-
conductor memory device in accordance with the first
embodiment shown in Fig. 3, except that a Vgg generat-
ing circuit 38 is additionally provided. In Fig. 9, Vgg rep-
resents a substrate voltage. VBBD and VBS are signals
generated in special test mode control circuit 30, which
are control signals supplied for increasing (making
deeper the level of substrate voltage Vgg) and lowering
(making shallower the level of the substrate voltage
Vgg) of the capability of Vgg generating circuit 38,
respectively. The operation of the semiconductor mem-
ory device in accordance with the third embodiment will
be described with reference to the timing chart of Fig.
10.

[0040] First, in the special test mode entry period,
special test mode entry signal ¢3 is at the L level as
shown in Fig. 10(f), and operation 1/O determining cir-
cuit 32 does not operate. Output signals Di (i=1 ~n )
output from operation 1/0O determining circuit 32 are all
at the L level. Therefore, in the normal operation, data
output from I/O terminal 2 is controlled by output control
signal ¢2.

[0041] The special test mode which takes place
when the row address strobe signal /RAS, column
address strobe signal /CAS and write enable signal /W
are input at the WCBR timing to special test mode con-
trol circuit 30 will be described in the following.

[0042] The operation in the special test mode is
similar to that in the semiconductor memory device in
accordance with the first embodiment described above.
Here, referring to Fig. 10(g), control signal VBBD attains
from L level to H level, and the level of substrate voltage
Vgg lowers (made deep) as shown in Fig. 10(h).

[0043] Though not shown, it is also possible to
increase (make shallow) the level of substrate voltage
Vgg by changing control signal VBBS from L level to H
level when the special test mode is entered.

[0044] Therefore, the semiconductor memory
device in accordance with the third embodiment allows
selective operation of an arbitrary 1/0 terminal 2 and, at
the same time, changing of the level of substrate voltage
[0045] The noise characteristic at the time of data
output changes as the amount of current at the time of
output changes. Accordingly, by changing the level of
substrate voltage Vg at the time of data output, charac-
teristics of output transistors constituting output buffers
11, 13 and 15 are changed, and hence the amount of
current at the time of output is changed. When the level
of substrate voltage Vgg is lowered to increase sub-
strate effect, for example, the amount of current flowing
through the output transistors is reduced, and therefore
it is possible to reduce noise at the time of data output.
[0046] As described above, the semiconductor
memory device in accordance with the third embodi-
ment of the present invention has such a configuration
that allows selective operation of an arbitrary 1/0 termi-
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nal 2 simultaneously with changing of capability of Vgg
generating circuit 38 in the special test mode. There-
fore, the present invention has an effect that I/O terminal
dependency and output current dependency of noise
characteristic at the data output can be evaluated.

Claims

1. A semiconductor memory device having a normal
operation mode and a test mode, comprising:

a plurality of output buffers (11, 13, 15, 36); and
selecting means (22, 32, 34) for selecting and
activating at least one output buffer of said plu-
rality of output buffers in said test mode.

2. The semiconductor memory device according to
claim 1, wherein said selecting means (22, 32)
selects an output buffer to be activated among said
plurality of output buffers in response to an input
address signal.

3. The semiconductor memory device according to
claim 1, further comprising

a plurality of input/output terminals (2) con-
nected in one to one correspondence to said
plurality of output buffers (36) respectively;
wherein

said selecting means (34) selects an output
buffer to be activated among said plurality of
output buffers in response to signals input to
said input/output terminals when operation
enters from the normal operation mode to said
test mode.

4. The semiconductor memory device according to
any of claims 1 to 3, further comprising

substrate voltage supplying means (38) for
supplying a substrate voltage; and

substrate voltage control means (30) control-
ling said substrate voltage supplying means
such that the substrate voltage different in
magnitude from said normal operation mode is
supplied in said test mode.

5. A semiconductor memory device having a normal
operation mode and a test mode, comprising:

an output buffer (36) including an output tran-
sistor;

an input/output terminal (2) for external data
input/output; and

output buffer control means (34) for changing
size of said output transistor in said test mode,
in response to a signal input to said
input/output terminal when said test mode is
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entered.

6. The semiconductor memory device according to
claim 3, wherein

said plurality of output buffers (36) each

includes an output transistor;

said semiconductor memory device further

comprising

output buffer control means (34) for changing 10

size of said output transistor in said test mode,

in response to a signal input to said input/out-

put terminals (2) when said test mode is

entered.

15
7. The semiconductor memory device according to
claim 5 or 6, wherein

said output transistor includes a plurality of out-
put stages for outputting common data; and 20
said output buffer control means (34) is capa-
ble of changing the number of said output
stages to output said common data in said test
mode to be different from the number in the
normal operation mode. 25
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FIG. 11
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